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(567)  To efficiently heat and burn a sample without
using a combustion aid, an analysis device (100) that
heats a sample (X) in a sample accommodation part (2)
and analyzes the resulting gas is provided with an in-
duced current generation mechanism (5) for generating
aninduced currentin the sample (X) through electromag-
netic induction and a laser irradiation mechanism (6) for
irradiating laser light onto the sample (X) and is config-
ured so that the induced current generation mechanism
(5) and the laser irradiation mechanism (6) act simulta-
neously on the sample (X).
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Description
[Technical Field]

[0001] The presentinvention relates to an analysis de-
vice such as an elemental analyzer or the like that ana-
lyzes elements such as carbon (C) and sulfur (S) that are
contained in a sample of, for example, steel, a non-fer-
rous metal, or a ceramic or the like, and to an analysis
method.

[Technical Background]

[0002] There are some elemental analyzers of this type
in which a crucible containing a sample is placed inside
a heating furnace. High-frequency AC voltage is then ap-
plied to a coil surrounding the crucible so that the sample
inside the crucible is heated and combusted by high-fre-
quency induction heating. Elements that are contained
in this sample are analyzed from the gas that is thereby
generated.

[0003] Conventionally, asis shown inPatentdocument
1, acombustion improver is used in the above-described
elemental analyzer in order to accelerate the combustion
of the sample.

[Documents of the prior art]
[Patent documents]

[0004] [Patent document 1] Japanese Unexamined
Patent Application (JP-A) No. 2000-266741

[Disclosure of the Invention]
[Problems to be Solved by the Invention]

[0005] However, if a combustion improver is used, a
sizable quantity of dust is generated by the combustion
of the combustion improver. Because of this, it is neces-
sary to provide, for example, a dust suction mechanism
that suctions dust, and this causes the size of the appa-
ratus to increase. Moreover, even if a dust suction mech-
anism is provided, if the suction force is inadequate, then
dust is left behind in the heating furnace, and if the gas
becomes adhered to this dust, then the problem arises
that this causes measurement errors to occur.

[0006] Furthermore, tungsten, which is a rare metal, is
contained in the combustion improver, so that, if a com-
bustion improver is used, the additional problem arises
that the running costs incurred by the analysis become
expensive.

[0007] The present invention was conceived in order
to solve the above-described problems, and it is a prin-
cipal object thereof to make it possible to efficiently heat
and combust a sample without using a combustion im-
prover.
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[Means for Solving the Problem]

[0008] Namely, the analysis device according to the
present invention is an analysis device that heats a sam-
ple inside a sample holding portion, and analyzes the
gas that is thereby generated, and that is provided with:
an induced current generating mechanism that gener-
ates by electromagnetic induction an induced current in
the sample; and a laser irradiation mechanism that irra-
diates laser light onto the sample, and the induced current
generating mechanism and the laser irradiation mecha-
nism are made to act simultaneously on the sample.
[0009] Moreover,the analysis method according to the
present invention is an analysis method in which a sam-
ple is heated inside a sample holding portion, and the
resulting gas that is thereby generated is analyzed,
wherein the sample is heated by the induced current gen-
erating mechanism, which generates an induced current
in the sample by electromagnetic induction, and by the
laser irradiation mechanism, which irradiates laser light
onto the sample, acting simultaneously on the sample.
[0010] By employing this type of analysis device and
analysis method, because the induced current generat-
ing mechanism and the laser irradiation mechanism are
made to act simultaneously to heat the sample, com-
pared with when a sample is heated solely by high-fre-
quency induction heating, as is the case conventionally,
itis possible to more efficiently heat the sample and there-
by accelerate combustion so that there is no need for a
combustion improver to be provided. Because the fact
that no combustion improver is used means that no dust
resulting from the combustion improver is generated,
there is no need for a dust suction mechanism to be pro-
vided, and no measurement errors that are caused by
gas adhering to the dust are generated.

[0011] It is thought that the reason why it is possible
to efficiently heat a sample by causing an induced current
generating mechanism and a laser irradiation mecha-
nism to act simultaneously in this manner is because the
portion of the sample where the laser is irradiated under-
goes localized melting, and this melted portion is agitated
by the electromagnetic induction, and promotes the melt-
ing of the other portions as well. Consequently, the entire
sample can be easily melted.

[0012] Moreover, itis preferable for the analysis device
to be further provided with a flow path forming component
in which a supply flow path that supplies oxygen into the
interior of the sample holding portion is formed, and for
a transmission window that allows to transmit laser light
to be formed in the flow path forming component, and for
an optical path of the laser light that has been transmitted
through the transmission window to be formed inside the
supply flow path along with the flow path direction of the
supply flow path.

[0013] If this type of structure is employed, then be-
cause the optical path of the laser light transmitted
through the transmission window is formed inside the
supply flow path, the existing supply flow path is able to
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also function as the optical path of the laser light. Accord-
ingly, there is no need for a complicated device structure.
[0014] Moreover, because oxygenis supplied from the
supply flow path to the interior of the sample holding por-
tion, itis difficult for dust and high-temperature gases and
the like that may be generated inside the sample holding
portion to enter into the supply flow path, and contami-
nation or breakage of the transmission window can be
prevented.

[0015] It is also preferable for the supply flow path to
have a rectilinear flow path having one end that opens
in the direction of the sample, and having the transmis-
sion window formed in the other end thereof.

[0016] If this type of structure is employed, then be-
cause one end of the rectilinear flow path opens towards
the sample, laser light that has passed through the trans-
mission window that is formed in the other end can be
reliably irradiated onto the sample. In addition, oxygen
can be blown towards the sample so that the combustion
of the sample is accelerated, and there is even less need
for a combustion improver to be provided.

[0017] Moreover, because the laser light is irradiated
along a rectilinear flow path onto the sample, the laser
light that has passed through the transmission window
can be guided directly onto the sample through the trans-
mission window without any optical components such as
mirrors being used.

[Effects of the Invention]

[0018] According to the present invention having the
above-described structure, itis possible to efficiently heat
and combust a sample without using a combustion im-
prover.

[Brief description of the drawings]
[0019]

[FIG. 1] FIG. 1 schematically shows the structure of
an elemental analyzer according to the present em-
bodiment.

[FIG. 2] FIG. 2 is a functional block diagram showing
functions of a control unit of the present embodiment.
[FIG. 3] FIG. 3 schematically shows the structure of
an elemental analyzer according to a variantembod-
iment.

[Description of the Reference Numerals]

[0020]

100 ...  Elemental analyzer

X.. Sample

1.. Crucible

2. Heating furnace

3... Gas analyzer

41 ... Flow path formation component
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411... Transmission window

L.. Supply flow path

L1 .. First flow path (Rectilinear flow path)

L2 ... Second flow path

5.. Induction heating mechanism (Induced current
generating mechanism)

51 ... Coil

6 .. Laser heating mechanism (Laser irradiation
mechanism)

61 ... Laser light source

[Best Embodiments for Implementing the Invention]

[0021] Hereinafter,an embodimentof an elemental an-
alyzer which serves as an example of an analysis device
according to the present invention will be described with
reference made to the drawings.

[0022] An elemental analyzer 100 according to the
present embodiment heats and combusts a sample X
which is made, for example, from metal or the like, and
analyzes elements such as carbon (C) and sulfur (S) and
the like that are contained in the sample X from the gas
that is thereby generated.

[0023] Specifically, as is shown in FIG. 1, this elemen-
tal analyzer 100 is equipped with a heating furnace 2
which is a sample housing portion in which a crucible 1
that holds the sample X is placed, a gas analyzer 3 that
analyzes the gas generated by the combustion of the
sample X, an oxygen supply mechanism 4 that supplies
oxygen to the interior of the heating furnace 2, an induced
current generating mechanism (induction heating mech-
anism) 5 that generates an induced currentin the sample
X inside the crucible 1 via electromagnetic induction so
that the sample X is induction heated, a laser irradiation
mechanism (laser heating mechanism) 6 that heats the
sample X by irradiating laser light onto the sample X, and
a control unit 7 that controls operations of the oxygen
supply mechanism 4, the induction heating mechanism
5, and the laser heating mechanism 6.

[0024] Hereinafter, the respective portions will be de-
scribed.
[0025] Thecrucible 1is mounted on a placement stand

8 while internally holding the sample X. In the present
embodiment, the crucible 1 is formed, for example, by a
magnetic body such as a ceramic material or the like that
has a conductive heating element.

[0026] Note that the placement stand 8 is constructed
such that it can be moved up and down by a cylinder
mechanism (not shown) between a heating position
where the sample X inside the crucible 1 is heated inside
the heating furnace 2, and a removal position where the
crucible 1is mounted on or removed from the placement
stand 8.

[0027] The heating furnace 2 is constructed such that
it heats the sample X thatitis holding internally, and then
guides the gas that is thereby generated to the gas an-
alyzer 3. The heating furnace 2 is provided with a sub-
stantially cylinder-shaped furnace main body 21, a gas
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outflow path 22 that is formed in a side wall 211 of the
furnace main body 21 and guides the gas to the gas an-
alyzer 3, and a filter 23 that is provided so as to extend
around theinner circumference of the side wall 211 inside
the furnace main body 21.

[0028] Note thatthefilter 23 of the presentembodiment
is provided slightly apart from an intake port 221 of the
gas outflow path 22 in the direction of the pipe axis of the
furnace main body 21, and the gas generated as a result
of the sample X being combusted inside the crucible 1
flows into the gas outflow path 22 via this filter 23.
[0029] The gas analyzer 3 analyzes the gas that is
guided into the gas analyzer 3 through the gas outflow
path 22, and thereby determines the contentof each com-
ponent contained in the sample X. In the present embod-
iment, the gas analyzer 3 performs this analysis by em-
ploying, for example, a non-dispersive infrared absorp-
tion method (NDIR method). Specifically, this gas ana-
lyzer 3 has anon-dispersive infrared detector (not shown)
and determines the content of carbon (C) and sulfur (S)
and the like contained in the sample X by detecting CO,,
CO, SO,, and the like that are contained in the gas.
[0030] The oxygen supply mechanism 4 supplies ox-
ygen to the interior of the heating furnace 2. Specifically,
the oxygen supply mechanism 4 is equipped with a flow
path forming component 41 in which a supply flow path
L that supplies oxygen to the interior of the heating fur-
nace 2 is formed, and with an oxygen cylinder which
serves as an oxygen supply source 42 that is used to
feed oxygen to the supply flow path L.

[0031] The flow path forming component 41 is a sub-
stantially block-shaped component, and is mounted such
that it penetrates a top surface 212 of the heating furnace
2 in order to supply the oxygen flowing along the supply
flow path L to the interior of the heating furnace 2. Fur-
thermore, a transmission window 411 that transmits laser
light is formed in the flow path forming component 41 of
the present embodiment, and this transmission window
411isin the form of a transparent, flat plate in the present
embodiment.

[0032] The supply flow path L has arectilinear first flow
path L1 and a, for example, rectilinear second flow path
L2. One end of the first flow path L1 opens in the direction
of the sample X inside the crucible 1, while the transmis-
sion window 411 is formed in the other end of the first
flow path L1. One end of the second flow path L2 con-
nects to the other end of the first flow path L1, while an
inlet port 41b through which oxygen is introduced from
the oxygen supply source 42 is formed in the other end
of the second flow path L2. By employing this structure,
the transmission window 411 is formed on the opposite
side from an aperture 41a in the first flow path L1, and
the transmission window 411, the aperture 41a, and the
sample Xinside the crucible 1 are positioned on a straight
line.

[0033] In the present embodiment, the second flow
path L2 is formed perpendicularly to the first flow path
L1. Oxygen supplied from the oxygen supply source 42
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firstly passes through this second flow path L2 before
flowing through the first flow path L1, and is then blown
directly onto the sample X via the aperture 41 a in the
first flow path L1.

[0034] The above-described flow path forming compo-
nent 41 is formed such that it is able to be moved by a
drive unit (not shown) in a direction that is parallel to the
flow path direction of the first flow path L1. As a result, it
is possible to adjust the height of the aperture 41a of the
first flow path L1 inside the heating furnace 2.

[0035] Note that a cleaning body such as a brush or
the like (not shown) is provided on an outer side surface
of the flow path forming component 41. Inner surfaces
of the filter 23 and the heating furnace 2 can be cleaned
by this cleaning body as a result of the flow path forming
component 41 being moved by the drive unit.

[0036] The induction heating mechanism 5 is an in-
duced current generating mechanism that generates an
induced current in the sample X held in the crucible 1 by
means of high-frequency induction heating. Specifically,
the induction heating mechanism 5 is equipped with a
coil 51, and a power supply 52 that applies high-frequen-
cy AC voltage to the coil 51. In the present embodiment,
the coil 51 is provided around the outer circumference of
the furnace main body 21, and the height of the place-
ment stand 8 is set such that the crucible 1 is positioned
on the inside of the coil 51 when the high-frequency AC
voltage is being applied to the coil 51. When the high-
frequency AC voltage is being applied to the coil 51, con-
ductive heat-generating elements contained in the cru-
cible 1 are made to generate heat by the high-frequency
induction heating so that the sample X inside the crucible
1 is heated.

[0037] The laser heating mechanism 6 is a laser irra-
diation mechanism that irradiates laser light onto the
sample X. In the present embodiment, the laser heating
mechanism 6 is equipped with a laser light source 61 that
emits laser light. The laser light source 61 of the present
embodiment is located above the furnace main body 21,
and emits laser light perpendicularly towards the trans-
mission window 411 of the above-described flow path
forming component 41. Here, as is described above, be-
cause the transmission window 411, the aperture 41a
and the sample X inside the crucible 1 are placed on a
straightline, an optical path B of the laser light transmitted
through the transmission window 411 is formed inside
the supply flow path L and parallel with the flow direction
of the supply flow path L. Specifically, laser light that has
passed through the transmission window 411 is trans-
mitted in the flow direction along the first flow path L1.
Thislaser light then travels from the aperture 41a through
the interior of the heating furnace 2 towards the sample
X, and is irradiated directly onto the sample X.

[0038] Note that, in the present embodiment, a semi-
conductor laser that provides an output of between 45W
and 200W is used for the laser light source 61.

[0039] In physical terms the control unit 7 is an electri-
cal circuit formed by, for example, a CPU, internal mem-
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ory, and an AD converter and the like. In functional terms,
asis shownin FIG. 2, as a result of the CPU and periph-
eral devices working together in accordance with a pro-
gram that is stored in the memory, the control unit 7 func-
tions as an oxygen supply control unit 71, an induction
heating controlunit 72, and alaser heating control unit 73.
[0040] The oxygen supply control unit 71 adjusts the
pressure or the flow rate of the oxygen that is supplied
from the oxygen supply source 42 to the interior of the
heating furnace 2 via the supply flow path L by transmit-
ting a signal to the oxygen supply source 42.

[0041] Theinduction heating control unit 72 adjusts the
output of the high-frequency AC voltage applied by the
power supply 52 to the coil 51 by transmitting a signal to
the power supply 52.

[0042] Thelaserheating control unit 73 adjusts the out-
put of the laser light emitted by the laser light source 61
by transmitting a signal to the laser light source 61.
[0043] Inthe present embodiment, the induction heat-
ing control unit 72 and the laser heating control unit 73
control the induction heating mechanism 5 and the laser
heating mechanism 6 such that the respective heating
mechanisms 5 and 6 act simultaneously to heat the sam-
ple X. In other words, they perform control such that a
state in which the induction heating mechanism 5 sup-
plies an induced current to the sample X and a state in
which the laser heating mechanism 6 irradiates laser light
onto the sample X are generated simultaneously. More
specifically, the induction heating control unit 72 and the
laser heating control unit 73 control the respective heat-
ing mechanisms 5 and 6 such that a state in which the
sample X is heated simultaneously by the induction heat-
ing mechanism 5 and the laser heating mechanism 6
continues for a predetermined length of time.

[0044] Even more specifically, the induction heating
control unit 72 transmits a signal to the power supply 52
atthe sametime as the laser heating control unit 73 trans-
mits a signal to the laser light source 61. In addition, the
induction heating control unit 72 controls the power sup-
ply 52 such that the high-frequency AC voltage is sup-
plied continuously from the power supply 52 to the coil
51, for example, for 30 seconds, while the laser heating
control unit 73 controls the controls the laser light source
61 such that the laser light is irradiated continuously from
the laser light source 61 onto the sample X, for example,
for 30 seconds.

[0045] As a result, the sample X is heated simultane-
ously by the induction heating mechanism 5 and the laser
heating mechanism 6 for a period of 30 seconds. Note
that the length of this heating period is not limited to 30
seconds and can be set to a desired time depending on
the sample X.

[0046] According tothe elemental analysis device 100
of the present embodiment having the above-described
structure, because the induction heating mechanism 5
and the laser heating mechanism 6 simultaneously heat
the sample X, it is possible to efficiently heat the sample
X and thereby accelerate the combustion thereof. More-
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over, it is not necessary for a combustion improver to be
used. Because there is no need to use a combustion
improver, no dust that is created by the combustion im-
prover is generated. Accordingly, there is no need for a
dust suction mechanism to be provided, and no meas-
urement errors that are caused by gas adhering to the
dust are generated.

[0047] Moreover, because the optical path B of the la-
ser light transmitted through the transmission window
411 is formed inside the first flow path L1, the existing
supply flow path L is able to also function as the optical
path B of the laser light. Accordingly, there is no need to
create a complicated structure to irradiate laser light onto
the sample X.

[0048] Furthermore, because the transmission win-
dow 411isformed onthe firstflow path L1 on the opposite
side from the aperture 41 a, and oxygen is supplied
through this aperture 41a into the interior of the heating
furnace 2, it is possible to prevent soot and the like that
is inside the heating furnace 2 from flowing back along
the first flow path L1 and becoming adhered to the trans-
mission window 411.

[0049] In addition, because the gas generated inside
the heating furnace 2 flows through the gas outflow path
22 via the filter 23, it is possible to prevent dust such as
soot and the like from entering into the gas analyzer 3.
[0050] Moreover, because a drive unit (not shown) is
able to adjust the height of the aperture 41a of the first
flow path L1 inside the heating furnace 2 by moving the
flow path forming component 41, it is possible to place
the sample X in the optimum state of combustion by con-
trolling the speed at which oxygen is supplied to the sam-
ple X.

[0051] Note that the present invention is not limited to
the above-described embodiment.

[0052] For example, in the above-described embodi-
ment, the induction heating mechanism and the laser
heating mechanism transmit signals simultaneously to
the power supply and the laser light source respectively,
however, it is not absolutely essential for these signals
to be transmitted simultaneously, and it is also possible
for the signals to be transmitted after predetermined time
intervals. Namely, provided that there is a period in which
the heating by the induction heating mechanism and the
heating by the laser heating mechanism are performed
simultaneously, then it is acceptable for the start times
of the heatings performed by the respective mechanisms
to be mutually different, and for the end times of these
heatings to also be mutually different.

[0053] Moreover,inthe above-described embodiment,
the transmission window is formed on the opposite side
from the aperture on the first flow path, however, as is
shown in FIG. 3, it is also possible, for example, for the
transmission window 411 to be formed on the opposite
side from the oxygen supply source 42 on the second
flow path L2, and for the laser light that has passed
through the transmission window 411, for example, to be
reflected by an optical component such as a reflection
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mirror 62 or the like such that it is irradiated onto the
sample X.

[0054] Moreover,inthe above-described embodiment,
the coil is provided around the outer circumference of the
furnace main body, however, it is also possible for the
coil to be provided, for example in the bottom portion of
the crucible, or on the top surface of the placement stand.
[0055] Moreover, itis also possible to introduce a car-
rier gas into the interior of the heating furnace from un-
derneath the heating furnace in order to enable the gas
that is combusted inside the crucible to flow efficiently
along the gas outflow path. A gas that contains oxygen
may be used for this type of carrier gas.

[0056] Furthermore, in the above-described embodi-
ment, only a sample is held inside the crucible, however,
it is also possible to place a combustion improver inside
the crucible in addition to the sample and to thereby fur-
ther accelerate the combustion of the sample.

[0057] Furthermore, the supply flow path L of the
above-described embodiment is used to supply oxygen
to the interior of the sample holding portion, however, it
is also possible to employ a structure in which the supply
flow path L supplies another gas (which may be an oxy-
gen-containing gas) to the interior of the sample holding
portion, and the laser light is irradiated onto the sample
after being transmitted through this supply flow path L.
Alternatively, it is also possible to employ a structure in
which, in addition to the supply flow path L that supplies
oxygen to the interior of the sample holding portion, there
is provided a second supply flow path L that supplies
another gas (which may be an oxygen-containing gas)
to the interior of the sample holding portion, and the laser
light is irradiated onto the sample after being transmitted
through this second supply flow path.

[0058] It should also be noted that the present inven-
tion is not limited to the above-described embodiment,
and various modifications and the like may be made
thereto insofar as they do not depart from the spirit or
scope of the present invention.

[Industrial applicability]

[0059] Accordingtothe presentinvention, itis possible
to efficiently heat and combust a sample without using a
combustion improver, while guaranteeing sufficient ease
of operability during calibration.

Claims

1. Ananalysis device thatheats a sample inside a sam-
ple holding portion, and analyzes the gas that is
thereby generated,
wherein the analysis device comprising:

an induced current generating mechanism that
generates by electromagnetic induction an in-
duced current in the sample; and
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a laser irradiation mechanism that irradiates la-
ser light onto the sample, and
the induced current generating mechanism and
the laser irradiation mechanism are made to act
simultaneously on the sample.

The analysis device according to claim 1, further
comprising a flow path forming component in which
a supply flow path that supplies oxygen into the sam-
ple holding portion is formed, and

a transmission window that allows to transmit laser
light is formed in the flow path forming component,
and an optical path of the laser light that has been
transmitted through the transmission window is
formed inside the supply flow path along with the
flow path direction of the supply flow path.

The analysis device according to claim 2, wherein
the supply flow path has a rectilinear flow path having
one end that opens in the direction of the sample,
and having the transmission window formed in the
other end thereof.

An analysis method in which a sample is heated in-
side a sample holding portion, and the resulting gas
that is thereby generated is analyzed, wherein

the sample is heated by an induced current gener-
ating mechanism, which generates an induced cur-
rentin the sample by electromagnetic induction, and
by a laser irradiation mechanism, which irradiates
laser light onto the sample, acting on the sample
simultaneously.
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